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INTRODUCTION
Magnetohydrodynamics (MHD) is the study of dynamics of the flow of electrically conducting fluid in presence of a magnetic field. Many researchers investigated the effects of MHD on the characteristics of bearings such as slider bearing by Snyder [1] , inclined slider bearing and finite step slider bearing by Hughes [2, 3] , parallel plate slider bearing and journal bearing by Kuzma [4, 5] and finite rectangular plates by Lin [6] . These studies concluded that the application of magnetic field improves on bearings performance. All these studies are on classical hydrodynamic lubrication and lubricant assumed is to be Newtonian fluid which is not satisfactory assumption for practical application in engineering field. Owing to importance of Newtonian lubricants blended with microstructure additives many theories were developed to describe these fluids. The simplest theory among these was developed by Stokes [7] . The Stokes theory allows for polar effects such as the presence of couple stresses, body couples and non-symmetric stress tensors. On the basis of Stokes theory, many researchers studied effect of couple stress on bearing characteristics such as slider bearing by Ramanaiah and Sarkar [8] , short journal bearing by Ayyappa et al. [9] , circular stepped plates by Naduvinamani and Siddangouda [10] and long partial journal bearing by Lin [11] . According to the results obtained, the use of non-Newtonian fluid enhances the bearing performance RESEARCH characteristics. Siddangouda [12] studied the effect of non-Newtonian micropolar fluid on the characteristics of parallel stepped plates.
On the basis of results obtained in the studies of MHD effect and couple stress effect, the researchers are devoted towards the study of bearing performance with the combined effect of MHD and couple stress. The combined effects of couple stress and MHD on bearing characteristics are studied by Das [13] , circular stepped plates by Naduvinamani et al. [14] and different types of finite plates by Fathima et al. [15] . The results obtained in these studies showed an increase in load carrying capacity of bearings as the strength of applied magnetic field increases and also with increase in the value of couple stress parameter. The study of static and dynamic characteristics of bearing plays an important role in the consideration of geometry of bearing. Basic reference for bearing design is provided by the static characteristics and stability behaviour of bearing is predicted by the dynamic characteristics. Effect of nonNewtonian fluid on Static characteristics of Journal bearings are studied by Javorova et al. [16] and pivoted curve bearing by Singh et al. [17] . Dynamic characteristics of plane inclined slider bearing in the presence of magnetic field are studied by Lin et al. [18] and it is concluded that applied magnetic field enhances the dynamic characteristics of bearings. Lin and Hung [19] studied the dynamic characteristics of exponential bearing. The effect of MHD on dynamic characteristics of exponential slider bearings is studied by Lin and Lu [20] . Recently static and dynamic characteristics of MHD couple stress plane and parabolic slider bearings is studied by Naduvinamani et al. [21] .
In the present paper, the effect of couple stress on static and dynamic characteristics of exponential slider bearing in the presence of applied magnetic field is analyzed. The results obtained are compared with that of nonmagnetic case by Lin and Hung [19] and the Newtonian case obtained by Lin and Lu [20] .
MATHEMATICAL FORMULATION
The geometry of exponential slider bearing of length L is shown in Fig. 1 . Conducting couple stress fluid is considered in the film region. The lower bearing surface is moving with a velocity U in the x-direction and the upper surface ( yh  ) has a squeezing effect / ht  . In the direction perpendicular to the bearing, a uniform transverse magnetic field B0 is applied.
The following realistic assumptions are made in the simplification of constitutive equations:
1. The fluid film is thin.
2. Inertial forces are negligible in comparison with viscous forces.
3. The body couples and body forces are negligible except Lorentz force.
4. Induced magnetic field is small as compared to externally applied magnetic field.
5. The bearing surfaces are perfect insulators and there is no external circuit in the fluid. Under these assumptions, the constitutive equations for couple stress fluid in the presence of applied magnetic field reduce to (Das [13] ):
where µ is the lubricant viscosity; η is material constant responsible for couple stresses; σ is the conductivity of the lubricant; p is the film pressure; and u, v are the velocity components in 
SOLUTION OF THE PROBLEM
The solution of equation (1) subject to the boundary conditions given by equations (5) and (6) under condition (4) is obtained as: 
where, With the use of boundary conditions (5), (6) and the expression (7) for u, the integration of continuity equation (3) 
where, 

The modified Reynolds type equation (9) is applicable to one-dimensional slider bearings lubricated with couple stress fluid in the presence of transverse magnetic field with the squeezing effect
 . The thickness of fluid film in the flow region is given by
In the present study, the exponential slider bearing is considered and its geometrical configuration is shown in Fig. 1 . The mathematical function for the film thickness is given by:
where
ht is the minimum film thickness,
is the inlet film thickness and d is the difference between inlet and outlet film thicknesses.
Defining the non-dimensional quantities,
and using these in equation (9), the nondimensional Reynolds type equation is obtained as:
and
being the profile parameter.
The pressure boundary conditions are given by:
With the use of pressure boundary conditions, the twice integration of the non-dimensional Reynolds type equation (12) with respect to x gives the expression for film pressure in the form:
represents squeezing velocity in the non-dimensional form: 
By integrating the non-dimensional film pressure over the film region non-dimensional film force is obtained in the form: 
Steady state characteristics
Let the non-dimensional minimum film height be constant and the non-dimensional squeezing velocity be zero. From equations (17) and (24), the expressions for the steady film pressure and the steady load carrying capacity in nondimensional for are obtained as:
Dynamic characteristics
The partial derivative of film force in nondimensional form with respect to minimum film thickness in non-dimensional form under steady state gives dynamic stiffness coefficient in nondimensional form as:
where subscript s denotes the steady state. The partial derivative of film force in nondimensional form with respect to squeezing velocity in non-dimensional form under steady state gives the dynamic damping coefficient in non-dimensional form as:
RESULTS AND DISCUSSION
The numerical integration of integrals appearing in the expressions for film force, dynamic stiffness and damping coefficients are performed by using the quadrature formula. The Hartmann number M characterizes the effect of externally applied magnetic field and the parameter l characterizes the effect of couple stresses. The static and dynamic characteristics of exponential slider bearing lubricated with couple stress fluid in the presence of applied transverse magnetic field is analyzed in the present paper. The results of Lin and Lu [20] can be recovered in the limiting case as 
Steady film pressure
The variation of non-dimensional film pressure x . It is observed that the application of magnetic field increases the steady state pressure even bearings are lubricated with couple stress fluid compared to non-magnetic case. The reason for the increase in the pressure is the retention of large amount of lubricant in the film region due to reduced velocity of lubricant on the application the magnetic field. which implies that the maximum pressure is generated in the film region for lower film thickness. 
Steady load carrying capacity
The variation of non-dimensional steady load carrying capacity W increases with increases in the value of  till it attains maximum and thereafter it decreases. It is observed that in both Newtonian and nonmagnetic cases the steady load carrying capacity decreases for higher value of  but this trend changes with presence application of external magnetic field. 
Dynamic stiffness coefficient
The variation of non-dimensional dynamic stiffness coefficient 
Dynamic damping coefficient
The variation of non-dimensional dynamic damping coefficient d C with profile parameter Table 1 . Design example of slider bearing lubricated with couple stress fluid in presence of magnetic field considering squeezing effect irrespective of the bearing shape.
Physical quantity Symbol Value of Physical quantity
Length of the bearing 
Design example
A design example for exponential slider bearing lubricated with couple stress fluid in presence of transverse magnetic field is presented for the use of this work in the bearing design by engineers with the physical quantities whose values are given in Table 1 respectively. These numerical values are so chosen to cover all the three cases in the equation (13) . Further, the values of steady load carrying capacity, dynamic stiffness coefficient and dynamic damping coefficient are obtained using the expressions obtained in the previous section with considered values of physical quantities and are given in Tables 2, 3 and 4 respectively. These values are useful for engineers in the designing of bearings.
CONCLUSION
The modified Reynolds type equation is obtained to study the effect of couple stresses on static and dynamic characteristics of exponential slider bearing in the presence of magnetic field. The effects of couple stresses and the applied transverse magnetic field is to increase the steady film pressure, the steady load carrying capacity, the dynamic stiffness coefficient and dynamic damping coefficient as compared to the corresponding Newtonian case and the non-magnetic case respectively. Hence the exponential slider bearing lubricated with the couple stress fluid in the presence of applied magnetic field provides improved efficiency with larger couple stress parameter and Hartmann number for smaller values of profile parameter. 
